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Structural Changes of Placenta in Preeclamptic Patients:
Light and Electron Microscopic Study
Background: Preeclampsia is a disorder that occurs only during pregnancy and the postpartum period and
affects both the mother and the unborn baby. It is a rapidly progressive condition characterized by high blood
pressure and the presence of protein in the urine. The study was designed to investigate the histological and
ultrastructural changes in placentas from pregnancies complicated by preeclampsia.
Methods: Paraffin sections from placenta biopsies were prepared for light microscopic examination. For
ultrastructural examination, biopsies were prepared and examined by digital scanning electron microscope.
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Results: Light microscopic examinations showed that the nuclei of syncytiotrophoblast layer were aggregated
into clusters in numerous sprouts and in long anastomosing strands. Villous connective tissue core was
progressively condensed while the fetal placental capillaries regressed up to complete disappearance.
Endothelial degenerative and atheromatous changes were seen in placental stem vessels, also basal decidual
arterioles showed endothelial degeneration, progressive fibrosis, and obliteration. By SEM, villous tissues from
the preeclamptic cases demonstrated elongated villi with wrinkled surfaces and covered with fibrin-like
plaques. Capillary loops in preeclamptic cases were sparse in number and significantly longer compared to the
control cases. They exhibited fewer branches and majority of the loops were uncoiled.
Conclusions: In placentas complicated by preeclampsia, ischemic damage of placental tissue with
maldeveloped terminal villi occurs. These findings are consistent with an increase in fetoplacental vascular
impedance where absent end-diastolic flow velocity was demonstrated in umbilical artery before delivery.
These findings account for impaired gas and nutrient transfer in this disorder.
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Preeklamptik Hasta Plasentalar›nda Yap›sal De¤iﬂiklikler:
Bir Iﬂ›k ve Elektron Mikroskopi Çal›ﬂmas›
Giriﬂ: Preeklampsi, sadece hamilelik s›ras›nda ve postpartum döneminde görülen ve hem anne hem de cenin
üzerinde etkisi olan bir bozukluktur. Çok h›zl› geliﬂen bu bozukluk, yüksek tansiyon ve idrarda protein
bulgusuyla karakterize edilir. Bu çal›ﬂma preeklampsili hamileliklerdeki plesentalarda oluﬂan histolojik ve
yap›sal de¤iﬂiklikleri araﬂt›rmak üzere yap›lm›ﬂt›r.
Yöntemler: Plesenta biyopsilerinden elde edilen paraffin kesintileri ›ﬂ›k mikroskobunda incelenmek üzere
haz›rland›. Biyopsiler yap›sal inceleme amac›yla dijital tarama electron mikroskobunda de¤erlendirildi.

Received: October 02, 2007
Accepted: March 25, 2008

Correspondence

Mohamed DKHIL
Department of Zoology and
Entomology,
Faculty of Science,
Helwan University,
11790, Cairo, EGYPT
mohameddkhil@yahoo.com

Bulgular: Iﬂ›k mikroskobu incelemesinde sinsityotrofoblast katman› çekirde¤inin pekçok filizlerde anastomoz
yapan uzun katmanlar oluﬂturdu¤u gözlendi. Cenin plasentas›ndaki k›lcal damarlar görünmeyecek kadar geriye
çekilirken, villus ba¤ doku çekirde¤i ileri derecede yo¤unlaﬂm›ﬂt›. Plasental kord damarlar›nda endotelyal
dejeneratif ve ateromatöz de¤iﬂiklikler ve ayn› zamanda bazal desidual arteriyollerde endotelyal dejenerasyon,
progresif fibrosis ve obliterasyon gözlendi. SEM kullan›larak, preeklampsi vakalar›ndaki villus dokular›nda daha
uzun vililer ve fibrin plakalar› ile kapl› ve k›r›ﬂ›k trofoblast yüzeyi oldu¤u saptand›. Preeklampsi vakalar›nda
k›lcal damar dü¤ümlenmesi çok s›k olmamakla birlikte kontrol grubuna göre önemli derecede daha uzun
oldu¤u gözlemlendi.
Sonuç: Preeklampsili hamileliklerdeki plesentalarda, plasenta dokular›nda iskemiden kaynaklanan hasar
sonucu geliﬂim anomalisi olan terminal viluslar meydana gelir. Bu bulgular, do¤umdan önce göbek ba¤›
arterinde end-diyastolik ak›ﬂ h›z› olmamas›na ra¤men fetoplasental damar içbas›nc›ndaki yükselmeyi de
aç›klamaktad›r. Bu bulgular bu hastal›ktan kaynaklanan zay›f gaz ve besin transferine de aç›kl›k getirmektedir.
Anahtar Sözcükler: Histoloji, plasenta, preeklampsi hastalar›

Introduction
Normal fetal growth and survival depend on the proper development and function of
the placenta, which serves to maintain a maternal-fetal interference for the exchange of
blood gases, nutrients, and waste (1).
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Preeclampsia is a pathological condition due to the
failure of proper placental development. It is a common
gestational morbidity afflicting 7%–10% of all
pregnancies and is a major cause of maternal and fetal
morbidity and mortality; however, its etiology remains
unclear (2,3).
The villous placenta undergoes constant renewal like
most epithelia, and the syncytiotrophoblast is maintained
by fusion with underlying cytotrophoblasts (4). In
disorders like preeclampsia, cytotrophoblast invasion is
limited to the superficial decidua, and few arterioles are
breached due to abnormalities in adhesion molecule
switching by invasive cytotrophoblasts, suggesting that
this subpopulation of trophoblast cells fails to
differentiate properly (5).
The study was designed to investigate the histological
and ultrastructural changes in placentas from pregnancies
complicated by preeclampsia.
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Japan). After delivery, the placentas were weighed and
examined from the maternal aspect to avoid sampling
from areas of obvious infraction. Full-thickness samples
were taken from the central part and preparation were
performed as previously described (7). Samples were
processed routinely for paraffin embedding, cut at 5-7
µm, stained with hematoxylin and eosin (8). Scanning
electron microscopic (SEM) investigations were done
using digital SEM (Jeol 1200 EXΠ). Pieces of specimens
were fixed in 2.5% glutaraldehyde at 4 °C for 2 h, rinsed
with cacodylate buffer solution and post fixed in 2%
osmium tetroxide. The specimens were dehydrated in
graded concentrations of ethanol. A part of each
specimen was mounted on a stub and spotted with gold
(3 nm) for SEM investigation and other parts of these
specimens were embedded in epoxy resin where semithin sections were prepared and stained with toluidine
blue.
Statistical analysis

Materials and Methods
Twenty pregnancies (study group) complicated by
severe intrauterine growth retardation (IUGR) were
identified antenatally according to the following criteria:
th
Estimated fetal weight <10 percentile and reduced
amniotic fluid volume (defined by maximum vertical
depth of cord-free amniotic fluid <3 cm). All the study
group pregnancies were complicated by preeclampsia
(defined by a blood pressure >140/100 mmHg on 2 or
more occasions with a rise in diastolic blood pressure >
25 mmHg) occurring after 20 weeks of gestation
together with proteinuria (0.3 g/24 h or ≥ + 3 on
dipstick testing) (6). All members of the study group
were delivered by planned cesarean section.
All neonates showed signs of IUGR. The control group
(n = 20) included pregnancies with normal growth
fetuses (with the same mean gestational age) as the study
group, singleton pregnancies resulting in live born
structurally normal neonates. All participants were from
among the attendants of the obstetric department of ALGomhuria hospital, Cairo, Egypt (AGCE) and were
recruited into the study after obtaining their informed
consent. Tissue collection was approved by The Human
Subject Research Committee of AGCE.
Pulsed Doppler recordings from the umbilical artery
were performed with a Toshiba machine (Model 128 ×
B/10 ultrasound color Doppler: Toshiba Co. Ltd Tokyo,
220

Statistical analyses were performed using an unpaired
Student’s t-test. The data were analyzed using Excel
2000 (Microsoft, USA) and Sigma Plot 2001 (SPSS,
USA).

Results
The demographic and pregnancy characteristics of
each group are presented in Table. Preeclamptic women
and controls were similar in age and gestational age at
delivery. However, the mean arterial pressure, birth
weight, and placental weight of the preeclamptic women
were significantly different than those of the control
subjects (P < 0.01).
In control placentas, light microscopic villous
structures appeared with central connective tissues core
covered by trophoblastic cell layers; each villous was rich
with fetal capillaries. Also, villi were separated from each
other by intervillous spaces filled with maternal blood
(Figures 1 and 2).
Specific histological changes were seen in the
preeclamptic placentas. Distribution of the nuclei in the
syncytiotrophoblasts defined some changes with a
tendency toward formation of clusters, (Figure 3)
especially where the syncytial layer develops sprouts
protruding into the intervillous spaces (Figure 3). Long
slender syncytial strands bridge the intervillous spaces
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connecting one villus to another and give the villous tree
a pseudolabyrinthine appearance (Figures 3 and 4).
Sectioned syncytial strands or sprouts are identifiable by
the absence of any villous core (Figure 4).
The connective tissue villous stoma exhibit a great
cellularity and fibrillar content leading to a prominent
collagen staining affinity of the entire villous core (Figure
5). Fetal capillaries (Figure 5) have usually disappeared in
most villi; however, fetal capillary remained recognizable
occasionally (Figure 5).
Red blood corpuscles were identifiable in the lumina of
a small number of the still preserved capillaries (Figure 5).
The connective tissue core proliferated in the terminal villi
replacing completely the fetal blood sinusoids (Figure 6).
Even in the absence of any capillary wall structure, rare villi
exhibited some fetal nucleated red blood cells seeming to lie
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directly in the connective tissue stroma (Figure 7).
Branches of the main umbilical vessels showed all stages
of endothelial wall degeneration and atheromatous
formation (Figures 8 and 9). Basal decidual arterioles
showed endothelial degeneration with progressive
fibrosis and obliteration (Figure 10).
Scanning electron microscopic appearances of
terminal convolutes together with the corresponding
loops from control placenta are shown in Figure 11. The
corresponding pictures of the peripheral villous tree are
shown in Figure 12. These terminal villous structures
were characterized by a dense population of multiple
small buds like villi containing projections, similar in size
and shape, corresponding to sinusoidal dilatations at the
tips of terminal capillary loops. Typical findings from
preeclamptic cases are shown in Figure 13. Terminal

3
1
Figure 1. Villi of control placentas showing connective tissue core,
syncytial cell layer (SL) covered by microvilli and intervillous
space (IVS). (Toluidine blue, ×250).

2
Figure 2. Villi of control placentas showing clusters of syncytial layer
(SL), villous connective tissue core (CT), villous sinusoids
(VS), and intervillous spaces (IVS). (H&E, ×100).

Figure 3. Villi of preeclamptic placentas showing clusters of syncytial
layer (SL), syncytial sprouts (SS), and syncytial strands (ST)
bridge the intervillous spaces. Sections are identifiable by the
absence of any villous core. (H&E, ×100).

4
Figure 4. Villi of preeclamptic placentas showing clusters of syncytial
layer (SL), syncytial sprouts (SS), and syncytial strands (ST).
(Toluidine blue, ×250).
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5
Figure 5. Villi of preeclamptic placentas showing condensed villous
connective tissue core, regression of villous capillaries up to
complete disappearance. (H&E, ×100).

Figure 8. Villi of preeclamptic placentas showing umbilical vessels with
endothelial degeneration and atheromatous formation.
(H&E, ×100).

9
6
Figure 6. Villi of preeclamptic placentas showing red blood corpuscles
in the lumen of the still preserved capillaries. (Toluidine blue,
×100).

7
Figure 7. Villi of preeclamptic placentas. Notice the absence of capillary
wall, RBCs directly in the connective tissue stroma (CT).
(H&E, ×100).
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Figure 9. Photomicrograph of villi of preeclamptic placentas showing
umbilical vessels with endothelial degeneration and gradual
obliteration of their lumen. (H&E, ×100).

10
Figure 10. Photomicrograph of basal decidual arterioles (BA) showing
endothelial degeneration, fibrosis, and obliteration.
Myometrium appeared surrounding basal arterioles (M).
(H&E, ×100).
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Table. Demographic and pregnancy characters.
Variable

Control ± SD

PET ± SD

P-value

Maternal age (year)

30.4 ± 4.9

36.9 ± 5.6

NS

Gestational age (weeks)

31.3 ± 2.55

31.4 ± 2.48

NS

Maternal blood pressure (mmHg)
Systolic*
Diastolic*

118.1 ± 6.4
70.2 ± 9.5

147.8 ± 7.3
103.5 ± 3.6

< 0.01
< 0.01

1808.4 ± 534

1204.3 ± 353.6

< 0.01

Placental weight (g)*

520.25 ± 114.2

261.0 ± 90.3

< 0.01

Umbilical artery Doppler results

RI, 0.69 ± 0.03

AEDFV

9 CI, 9 PTL, 2 elective delivery

10 IUGR, 10 IUGR+PE

Birth weight (g)*

Indication for delivery

Data are presented as mean ± SD * Student’s t-test was performed and a value of P < 0.01 was considered statistically significant. NS, not significant;
AEDFV, absent end diastolic flow volume; RI, resistance index ; PTL, unexplained preterm labor; CI, cervical incompetence; PET, preeclampsia.

11
Figure 11. Scanning electron micrograph of the villi (V) of control
placentas showing terminal convolutes with the
corresponding loops. Scale bar: 10 µm.

12
Figure 12. Scanning electron micrograph of the terminal villous
structure (arrow) of control placentas showing bud-like villi
containing projections similar in size and shape (sinusoidal
dilatation). Scale bar: 10 µm.

13
Figure 13. Scanning electron micrograph of the terminal villous
structure of the preeclamptic placentas showing sparse
capillary loops (CL), which are longer than control ones with
no evidence of coiling. Scale bar: 10 µm.

14
Figure 14. Scanning electron micrograph of the villi of preeclamptic
placentas showing plaques of fibrin like material on syncytial
surface of villous tissues with wrinkled appearance (star).
Scale bar: 10 µm.
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capillary loops were sparse in number and were longer
compared to the control group. The elongated loops in
the preeclamptic cases had significantly fewer branches
and the majority of the capillary loops showed no
evidence of coiling (Figure 13). Terminal villi were much
fewer in number than the controls, and they had the
appearance of elongated drainpipes (Figure 14).
Large plaques of fibrin like material often extending
between several villi were present on the syncytial surface
of villous tissues in preeclamptic cases. The surface
covering the villi demonstrates a striking wrinkled
appearance, forming folds, as if the trophoblast was piled
up (Figure 14).

Discussion
Villous growth during the first and early second
trimesters is directed towards the formation of stem villi,
after which the immature intermediate villi differentiate
into their mature counterparts, directing growth toward
the formation of nonmuscularized mature intermediate
and terminal villi (9,10). Longitudinal growth of the
capillaries within the mature intermediate villi exceeds
that of the villi themselves so the capillaries coil and form
loops that bulge from the villous surface, forming grapelike outgrowths known as terminal villi. Their capillary
convolutes from a rich network of loops with many
intercalated branches and random focal dilatation known
as sinusoids (9,10). The development of this low
impedance capillary network parallels the proportional
rise in fetal cardiac output entering umbilical arteries to
about 40% at term (11); this arrangement favors
maximum nutrient and gas exchange as the fetus grows.
Our detailed studies of terminal villous ultrastructure
in preeclamptic cases indicated increased occlusive process
taking place within abnormally developed terminal villous
capillaries, although deterioration in fetal cardiac function
with progressive hypoxia and acidosis also contributed
(6). Our observations of maternal thrombosis
surrounding peripheral villi will also contribute to
deteriorating placental gas exchange in preterm
preeclampsia. The wrinkled appearance of the
trophoblast in our preeclamptic cases is clearly abnormal;
we have suggested that this may be due to reduced
trophoblast turnover. Many of the metabolic functions of
villous syncytiotrophoblast, such as the transport of
amino acids or production of nitric acid, may be impaired
224
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consequently because syncytiotrophoblast regeneration is
dependent on new cytotrophoblast fusing into the
syncytium (6). In the case of nitric oxide impaired
expression within villous syncytiotrophoblast may
facilitate the formation of maternal fibrin plaques on the
surface of these abnormal villi.
In the present study, the affected placental villi
manifested the condensed villous connective tissue core
while fetal placental capillaries regressed up to
disappearance. These findings account for impaired gas
and nutrient transfer. Syncytial sprouts and long
anastomosing strands in spite of regression of villous
capillaries were present, increasing the surface area for
fetomaternal exchanging. Our finding was in agreement
with previous studies (12,13). Earlier studies suggested
that these changes were caused by hypoxia (14).
Degenerative changes in the form of trophoblastic
apoptosis were found in placentas from pregnancies
complicated by fetal growth restriction resulting from
hypoxia (15).
Our results showed that stem vessels appeared with
atheromatous changes and basal decidual arterioles were
progressively obliterated. The relative frequency of
hypoxic changes and atherosis in placentas in
preeclamptic cases have been published before (16,17).
The latter was histopathologically characterized by
fibrinoid necrosis and perivascular mononuclear
infiltration by lipophages. The etiology and pathogenesis
of atherosis are still unclear, but its similarity to vascular
lesions in allograft rejection reaction, according to some
authors, suggested the involvement of the immune
system (18,19). The fact that it appears in vessels
without physiological changes of pregnancy explains the
more frequent formation of luminal obstruction or
thrombosis and subsequent hypoxic changes of placental
tissue. Alternations in its levels are associated with
preeclamptic placental changes (20, 21).
The pathological basis of absent end-diastolic flow
velocity was a constant finding in all pregnancies
complicated by IUGR, which is widely assumed to be due
to an obliterative process involving small stem villous
arterioles because light and scanning microscopic studies
demonstrated reduced density of vessels profile and
arteriolar obstruction or thrombosis. These findings are
consistent with the other findings (6,7).
In conclusion, this study showed that in placentas
complicated by preeclampsia, ischemic damage of
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placental tissue occurs with maldeveloped terminal villi.
These findings are consistent with an increase in
fetoplacental vascular impedance where absent enddiastolic flow velocity demonstrated in umbilical artery
before delivery. These findings account for impaired gas
and nutrient transfer in this disorder.
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